Purpose Conservative treatment strategy without antibiotics in patients with uncomplicated diverticulitis (UD) has proven to be safe. The aim of the current study is to assess the clinical course of UD patients who were initially treated without antibiotics and to identify risk factors for treatment failure. Methods A retrospective cohort study was performed including all patients with a CT-proven episode of UD (defined as modified Hinchey 1A). Only non-immunocompromised patients who presented without signs of sepsis were included. Patients that received antibiotics within 24 h after or 2 weeks prior to presentation were excluded from analysis. Patient characteristics, clinical signs, and laboratory parameters were collected. Treatment failure was defined as (re)admittance, mortality, complications (perforation, abscess, colonic obstruction, urinary tract infection, pneumonia) or need for antibiotics, operative intervention, or percutaneous abscess drainage within 30 days after initial presentation. Multivariable logistic regression analyses were used to quantify which variables are independently related to treatment failure. Results Between January 2005 and January 2017, 751 patients presented at the emergency department with a CT-proven UD. Of these, 186 (25%) patients were excluded from analysis because of antibiotic treatment. A total of 565 patients with UD were included. Forty-six (8%) patients experienced treatment failure. In the multivariable analysis, a high CRP level (> 170 mg/L) was a significant predictive factor for treatment failure. Conclusion UD patients with a CRP level > 170 mg/L are at higher risk for non-antibiotic treatment failure. Clinical physicians should take this finding in consideration when selecting patients for non-antibiotic treatment.
Introduction
Diverticulitis is a common and costly disease. It is now ranked as the third most common gastrointestinal discharge diagnosis and an estimate of 2.1 billion dollars per year are spent on inpatient costs in the USA [1] . Most patients (75%) have uncomplicated diverticulitis (UD), which is defined by the absence of abscess, perforation, fistula, or bleeding [2] . Traditionally, UD was treated in hospital with antibiotics and bowel rest [3, 4] . In the past years, evidence has been presented which justifies a more liberal approach. Two recent randomized clinical trials comparing antibiotic treatment with non-antibiotic treatment in UD patients showed no beneficial effect of antibiotic treatment in this patient group [5, 6] . Moreover, recent studies have provided strong evidence that the outpatient treatment of UD patients is safe and effective even without oral antibiotics [7] [8] [9] [10] [11] [12] . However, these studies do report treatment failure rates of 3-24% and due to high risk of selection and detection bias the results are less applicable to daily practice [10] . The question remains which UD patients are eligible for non-antibiotic treatment and which UD patients are more susceptible for a complicated course (treatment failure) and should therefore receive antibiotic treatment and closer surveillance. Few studies have investigated clinical risk factors for treatment failure in patients with UD. In the few studies that are available, all patients received antibiotics [8, 9] . The aim of the current study is to assess the clinical course of UD patients who were initially treated without antibiotics and to identify risk factors for treatment failure in this patient group.
Methods

Study design
A retrospective cohort study was performed in the Meander Medical Centre, the Netherlands. Data were collected between January 2005 and January 2017. The study was approved by the local Institutional Review Board.
Study population
A diagnostic specific code was used to identify all adult (≥ 18 years of age) patients presenting with a first episode of acute UD in the emergency department. The diagnosis had to be proven by a computed tomography (CT) scan. UD was defined as the absence of perforation (extravasation of contrast on CT), abscess, bleeding, or signs of peritonitis, which corresponds to the modified Hinchey classification 1A [13] [14] [15] . Only non-immunocompromised patients who presented without signs of sepsis were included in the study. Patients that received antibiotics within 24 h after or 2 weeks prior to presentation were excluded from analysis.
Outcome measures
Patient characteristics, clinical signs and symptoms, American Society of Anesthesiologists (ASA) Physical Status classification scores, physical examination, laboratory parameters, CTfindings, and treatment data (e.g., surgery, abscess drainage, antibiotic treatment, watchful waiting) were collected from the hospital records. Treatment failure was defined as (re)admittance, mortality, complications (perforation, abscess, colonic obstruction, urinary tract infection, pneumonia) or need for antibiotic treatment, operative intervention, or percutaneous abscess drainage within 30 days after initial presentation.
Statistical analysis
Multiple imputation techniques were used to impute missing data points in order to avoid selection bias. Data were assumed to be missing at random. All reported results are based on the imputed data, where the estimates of interests at the final computational step were combined across the imputed datasets using Rubin's rules [16] . Descriptive statistics were provided of all variables. Continuous variables are presented as means (with standard deviation (SD)) or medians (with inter quartile range (IQR)) according to their distribution. For the categorical variables, the counts and percentages are presented. In the initial analysis, the differences in patient characteristics, signs, symptoms, and additional tests between patients with and without treatment failure were assessed. Univariable logistic regression analyses were used to calculate the rude odds ratios (OR) with 95% confidence interval (CI) of the independent predictors. These analyses were used to quantify which (combination of) variables are independently related to treatment failure. Inclusion of the relevant diagnostic items in the multivariable model were based on clinical knowledge and pvalues (p value < 0.10). To correct for a possible treatment effect, hospitalization (hospital admittance within 24 h after presentation) was included in the multivariable regression model. All analyses were performed using the statistical software package SPSS 24.0 (IBM Corporation, New York, USA).
Results
Patient demographics and initial treatment strategy Figure 1 shows the patient flow throughout the study. Between January 2005 and January 2017, 751 patients presented at the emergency department with a CT-proven Hinchey 1A diverticulitis [13] [14] [15] . Of these, 186 (25%) patients received antibiotics within 24 h after or 2 weeks prior to presentation and were excluded from analysis. A total of 565 patients with CT-proven Hinchey 1A diverticulitis [13] [14] [15] were included. Patient demographics are shown in Table 1 . The average age was 58 (SD 13) years, and 60% of the patients were female. Three hundred one patients (53%) were admitted to the hospital within 24 h after presentation. Patients who were admitted to the hospital within 24 h after presentation presented more often with nausea (43 vs 34%), vomiting (12 vs 5%), and active muscle resistance at physical examination (19 vs 12%) compared to patients who were treated as outpatients. Temperature (mean 37.4 vs 37.2°C), leucocytes (mean 12.3 × 10 9 /L vs 11.3 × 10 9 /L), and C-reactive protein (CRP) level (mean 104 vs 84 mg/L) were also higher at presentation in patients admitted to the hospital.
Missing data
All candidate predictors had missing data except for age, gender, and ASA classification. The percentage of missing data per predictor was between 1% (pericolic free air on CT) and 7% (temperature, nausea, and vomiting). In total, 304 (3%) data items were imputed. Four hundred sixty-one (82%) patients had a complete dataset for all candidate predictors.
Treatment failure
In total, 46 (8%) patients experienced treatment failure of which 34 patients were admitted to the hospital within 24 h after presentation. Twelve patients were initially treated as outpatients but were admitted to the hospital because of complications or severe complaints. Seventeen patients were readmitted to the hospital within 30 days after initial presentation because of complications or severe complaints. Eighteen patients developed complications: abscess (n = 5), perforation (n = 8), urinary tract infection (n = 2), fistula (n = 1), pneumonia (n = 1), and colonic obstruction (n = 1). Twenty-six patients needed antibiotic treatment due to complications or deterioration of disease. Two patients needed percutaneous abscess drainage. Fourteen patients were operated on within 30 days after presentation of which ten patients were operated in an emergency setting. Indications for operation were perforation (n = 8), fistula (n = 1), stenosis (n = 4), and progression of disease (n = 1). Three patients died: one due to perforation and two deaths were not diverticulitis related but died from underlying illness (heart failure and acute myocardial ischemia). Table 2 shows the univariable analysis of all candidate predictors. The following variables were included in the multivariable analysis; age, gender, (absence of) rebound tenderness, CRP level, and hospitalization. The results of the multivariable analysis are shown in Table 3 . One clinical variable remained as a statistically significant (p < 0.05) predictor for treatment failure. Higher CRP (mg/L) level was positively related with treatment failure. Thresholds were introduced for CRP level to further illustrate the predictive value of this parameter. A CRP level of > 170 mg/L yielded the highest diagnostic accuracy with a positive predictive value (PPV) of 17% (95% CI 8-29), a negative predictive value (NPV) of 93% (95% CI 90-95), a sensitivity of 20% (95% CI 9-34), and a specificity of 91% (95% CI 89-94) at a 10% risk for treatment failure [17] . A subgroup analysis of only those patients with complete datasets showed similar results (data not shown).
Risk factors for treatment failure
Patients excluded from analysis
There were 186 UD patients who received antibiotics within 24 h after or 2 weeks prior to presentation. Of these, 27 (15%) patients experienced treatment failure. Patients who received antibiotics generally presented with higher inflammation parameters (temperature (mean 37.8°C (SD 0.9) vs 37.4°C (SD 0.7), p < 0.01), CRP level (mean 130 mg/L (SD 92) vs 94 mg/ L (SD 86), p < 0.01), and leucocyte count (mean 12.8 × 10 9 /L (SD 4.5) vs 11.9 × 10 9 /L (SD 3.4), p < 0.01)) and a higher ASA score (15% > ASA 2 vs 9% > ASA 2, (p = 0.02)) compared to patients who were treated without antibiotics. A multivariable analysis including all 751 UD patients (nonantibiotic and antibiotic treatment) showed that a high ASA score (> 2) and higher CRP level were significant (p < 0.05) predictors for treatment failure. When corrected for hospitalization and antibiotic treatment, these predictors remained statistically significant (data not shown). 
Discussion
This study assessed the implementation of non-antibiotic treatment in UD patients and identified risk factors for treatment failure in this patient group. The majority (75%) of patients presenting with UD were initially treated without antibiotics, and treatment failure was seen in 8% of these patients. Moreover, only 12 patients (2%) had severe complications requiring invasive interventions such as percutaneous abscess drainage (n = 2) or emergency surgery (n = 10). This shows that the implementation of a more conservative approach without antibiotics has been successful. Patients with a high CRP level (> 170 mg/L) were at significantly higher risk for treatment failure.
Hjern et al. [18] was the first to describe non-antibiotic treatment in UD patients and concluded that non-antibiotic treatment is feasible in a selected group of patients. This finding was recently supported by the results of two randomized clinical trials comparing antibiotic treatment with non-antibiotic treatment in UD patients [5, 6] . Current guidelines on treatment of UD are however still ambiguous when it comes to antibiotic treatment. Guidelines published by the American Society of Colon and Rectal Surgeons (ASCRS) in 2014 still recommend antibiotics as part of conservative treatment [19] . The guideline of the World Society of Emergency Surgery (WSES) in 2016 advises to avoid antibiotic therapy in non-immunocompromised UD patients without systemic signs of infection [20] . The guideline of the Dutch association of surgery (NVvH) on acute diverticulitis recommends to start antibiotic treatment in patients with a temperature of > 38.5°C, signs of sepsis, and deteriorating symptoms, immunocompromised patients, and patients on non-steroidal anti-inflammatory drugs [21] . In the present study, we found no supporting evidence for these criteria. Only CRP level remained as a significant predictor in the multivariable analysis, and temperature was not a significant predictor for treatment failure (p = 0.76). Immunocompromised patients and patients presenting with signs of sepsis were not included in the present study. As sepsis is associated with high morbidity and mortality and immunosuppression can increase the complication rate, it stands to reason that these patients should receive antibiotic treatment [20] . Clinical risk factors for treatment failure in UD patients have been scarcely investigated before. Treatment failure rates of 3-24% are reported, depending on the definition of treatment failure [7] [8] [9] [10] [11] [12] . Reported risk factors for treatment failure are female gender, free fluid or free air around the colon on CT scan, comorbidity (Ambrosetti score > 3), and an ER admission time between midnight and 6 AM [8, 9] . These studies are however hampered by the fact that all patients received antibiotics, which is now considered a redundant treatment strategy. One recent study did analyze the feasibility of nonantibiotic treatment in acute uncomplicated diverticulitis and reported a treatment failure rate of 4%. However, this study did not identify risk factors for treatment failure [22] . To our knowledge, the present study is the first to analyze clinical risk factors in UD patients treated without antibiotics. The retrospective design of this study comes with natural limitations. Fifty-three percent of the patients were directly admitted to the hospital. The decision to admit a patient to the hospital was made by the attending physician based on individual patient characteristics. Patients who were directly admitted to the Twenty-five percent of all UD patients presenting at the ER were excluded from the main analysis because they received antibiotic treatment within 24 h after or 2 weeks prior to presentation. These patients generally presented with higher inflammation parameters and a higher ASA score. Apparently, physicians consider these features a reason to start antibiotics. There were more patients in the antibiotic group with treatment failure (15%) compared to the non-antibiotic group (8%). Because this is a retrospective study, there is a high risk of confounding by indication and no conclusions can be made from this comparison. In a separate analysis including the patient group treated with antibiotics, a high ASA score (> 2) and higher CRP level were found to be risk factors for treatment failure. This could explain for the high risk of treatment failure in the antibiotic group since patients with a high ASA score and higher CRP level were more likely to receive antibiotics.
As we still found a non-antibiotic treatment failure rate of 8%, it is pertinent to adequately select patients who are suitable for a non-antibiotic treatment strategy. To resolve this problem, the present study tried to identify clinical risk factors for treatment failure, which can guide the decision whether or not to treat UD patients with antibiotics. Based on our results, we conclude that UD patients with a CRP level > 170 mg/L are at higher risk for treatment failure. Although not significant in the non-antibiotic group, a high ASA score (> 2) could also be a risk factor for treatment failure. Clinical physicians should take these findings in consideration when selecting patients for non-antibiotic treatment.
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